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OPERATION  OF  THE 

TONTO  FOREST  SEISMO LOGICAL  OBSERVATORY 
Quarterly  Report  No.  2,  Project  VT/2704 
Contract  F33657-72-C-0013 
1  October  through  31  December  1971 


1 .  INTRODUCTION 


1.1  AUTHORITY 

The  work  described  in  this  report  was  supported  by  the  Advanced  Researcli 
Projects  Agency,  Nuclear  Test  Detection  Office,  and  was  monitored  by  the 
Air  Force  Technical  Applications  Center  (AFTAC)  under  Contract  F33657-72-C- 
0013.  The  effective  date  of  the  contract  is  1  July  1971;  the  Statement  of 
Work  for  Project  VT/2704  is  included  in  the  appendix  to  this  report. 


1.2  HISTORY 

The  Tonto  Forest  Seismological  Observatory  (TFSO)  was  constructed  by  the 
United  States  Corps  of  Engineers  in  1965.  TFSO  was  designed  to  record  seismic 
events  and  to  be  used  as  a  laboratory  for  testing,  comparing,  and  evaluating 
advanced  seismograph  equipment  and  seismometric  recording  techniques.  The 
instrumentation  was  assembled,  installed,  and  operated  until  30  April  1965 
by  the  Earth  Sciences  Division  of  Teledyne  Industries  under  Contract 
AF  35(657) -7747 .  On  1  May  1965,  Geotech  assumed  the  responsibility  of 
operating  TFSO.  The  location  of  TFSO  is  shown  in  figure  1. 


2.  OPERATION  OF  TFSO 


2 . 1  GENERAL 

Data  are  recorded  continuously  at  the  TFSO  for  24  hours  each  day  of  the  week. 
The  instrumentation  that  accomplishes  this ,  and  other  instrumentation  that  is 
used  for  special  tests,  have  been  operated  and  maintained  during  this  report 
period  by  a  staff  of  four  technical  people.  Administrative  work  is  handled 
by  one  half-time  person.  All  work  is  being  accomplished  during  a  "normal 
shift"  from  8:00  a.m.  to  5:00  p.m.,  and  a  "late  shift"  from  9:30  a.m.  to  6:00 
p.m.  The  normal  work  shift  is  worked  each  Monday  through  Friday  except  holi¬ 
days  and  is  considered  the  regular  work  day  by  all  personnel.  The  late  shift 
is  worked  every  day  including  Saturdays,  Sundays,  and  holidays,  and  is  staffed 
by  one  man  on  a  rotational  basis. 
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Figure  1.  Location  of  TFSO 
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2.2  STANDARD  SEISMOGRAPH  01  OPLRAl  INC  PARAMETERS 


The  operating  parameters  and  tolerances  for  the  1FS0  standard  seismographs 
are  shown  in  table  1.  Frequency  response  tests  are  made  routinely  and  para¬ 
meters  arc  checked  and  reset  to  maintain  the  specified  tolerances. 


2.3  DATA  CHANNEL  ASSIGNMENTS 

Each  data  format  recorded  at  TFSO  is  assigned  a  Data  Group  number.  Mien  a 
data  format  is  changed,  a  new  Data  Group  number  is  assigned.  Data  Format 
Change  Notices  reporting  changes  in  channel  assignments  were  submitted  to  the 
Project  Officer  and  to  frequent  users  of  the  TFSO  data  during  this  report 
period. 


2.4  COMPLETION  AND  SHIPMENT  OF  DATA 

Six  analog  FM  magnetic- tape  units  are  used  to  record  data  for  the  VELA 
Seismological  Center  (NYV) .  Before  1  March,  tapes  from  these  units  had  been 
sent  weekly  to  our  Garland,  Texas,  laboratory  for  quality  control  and  had  been 
shipped  from  Garland  to  SDL  about  15  days  after  the  end  of  the  month  in  which 
they  were  recorded.  Since  1  March,  all  FM  tapes  for  six  days  were  sent 
directly  to  SDL  each  week.  Only  tapes  for  one  day  were  sent  to  Garland  for 
quality  control  inspection  and  forwarding  to  SDL. 

All  ASDAS  tapes,  except  two  per  week  that  were  sent  to  Garland  for  quality 
control,  were  held  at  the  observatory  for  a  period  of  about  8  weeks  and  then 
were  recycled  if  not  requested  by  a  data  user. 

All  Develocorder  (lG-mm  film)  seismograms,  except  quality  control  copies, 
were  routinely  shipped  to  SDL.  One  seismogram  for  each  Develocorder  was  sent 
each  week  to  our  Garland,  Texas,  laboratory  for  quality  control,  then  for¬ 
warded  to  SDL. 

Copies  of  calibration  and  operational  logs  accompanied  all  data  shipments. 


2.5  QUALITY  CONTROL 

2.5.1  Quality  Control  of  l(>-mm  Film  Seismograms 

Quality  control  checks  of  randomly-selected  16-iran  film  seismograms  from  Data 
Trunks  2,  4,  and  8  and  the  associated  logs  were  made  in  Garland.  Items  that 
were  routinely  checked  by  the  quality  control  analyst  include: 

a.  Film  boxes  -  neatness  and  completeness  of  box  markings; 

b.  Develocorder  logs  -  completeness,  accuracy,  and  legibility  of  logs; 
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Table  1.  Operating  parameters  and  tolerances  of  standard  seismographs  at  TFSO 
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Lilt  O  MACNI  f  I  CATION 


Figure  *.  \omiiscU  n*  -«t  <t*  »ra<tt  ri«t  U*  of 
«lstnl»<hl  wl*  gratis*  at  I  I'M* 
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1 1  In  • 


4*  • 


(I)  Juutlttr  of  the  overall  appcatanee  of  the  record  I  for  cu«flr, 
tow  }uwit£  j»j  trace  iiitmutf); 

(.*)  of  fit*  protecting. 

J.  Remit  t  of  Uif*f  etaluat lo**t  te»rt  mi  to  l Hr  e»ter«atorr  for  thetr 

retire  jj.i4  cotmont . 

ral  of  uu',^  I  jl  ^Uptrs  if  I  $fimni£rji* 

LaeH  tpullty  control  rtnl»  of  three  rMJ«il/>i(lftirJ  wugmtiftare 

are  nude  In  CirUnl  mJ  at  IISO  to  attur*  the  record «ngt  meet 
tpcvlfteJ  *  land*  run.  Iks  folk«*tnt  itew  arc  checled: 

a.  Ujv  jnJ  t*o%  (doling, 

b.  Acittracy,  (OnpUlmM,  mJ  ewitum  of  lofi; 

c.  Uftjjuit  ikKwtitAtiM  of  log*  Hr  voter  iowniti  on  tape  uncre 

applicable: 

<J»  sei*JVgrajo»  pUritf; 

c.  Let  cl  of  the  KMvtMtftu  luiigiwu  !»i»e. 
f.  Lctcl  of  calibration  tlgnalt: 

S»  Relative)  *  lift  between  arr*j  *cUn»{rt|Ht; 

h*  lctcl  of  ifttNt  waives 

I.  Oscillator  alignments 

J.  i^ulitf  of  recorded  ftl  ttgnal  J*tP  applicable: 

L.  liHC'puUe  carrier: 

I.  Urury  coJftl  digital  time  ware*. 

•  .*.3  QaiUty_  control  of  VM»VS  lagnc!  Ic-fape  i>clw:rj»» 

duality  control  checlc  of  buVs  tape*  are  ruJc  routinely.  U  prevent,  ©we 
tape  fro©  each  of  fie  !*o  transport*  l»  dttdwl  *»cetly  for  the  following 
ilm: 


a.  Veatnes*  and  accuracy  of  the  associated  logs. 

b.  Polarity  error*; 

v.  Recording  lctcl  of  each  channel: 


*|yo 


IR  “.** I 


d,  Fidelity  of  reproduction; 

c.  Pri'tfBjff  of  Header  rccor«l  and  correct  record  length*, 

f.  Tape  parity  error*; 

g.  lining  infonut ion. 

2 .  S .  4  quality  Control  of  UGfciAS  Magnetic-Tape  Sen  nog  ram 

Quality  control  check*  of  DCKUcs  tape*  are  cade  routinely.  At  present,  one 
tape  I*  checked  each  week  for  all  item  listed  under  section  2. 5.3  and,  in 
addition,  for  the  following  item: 

a.  Field  tranfRission  parity  errors; 

b.  Central  digital  systes  parity  errors: 

c.  Cain  code  errors. 


:,«*  insplctiovs 

A  security  inspection  was  conducted  on  27  October  by  Mr.  ken  Ozbolt, 
Industrial  Security,  Phoenix,  Arizona.  All  pluses  of  the  TFSO  security  pro* 
gran  were  found  to  be  in  good  order. 


2.7  LMUtCLVCY  IWLR  CCXUUfOR 

The  100  kh  diesel -powered  generator  was  operated  for  a  total  of  1  hour  and 
48  nlnutes  t*nJcr  full  loaJ  conditions.  The  storage  batteries  that  furnish 
power  to  start  the  diesel  engine  failed  during  tests  on  8  November  and  were 
replaced. 


2,8  FACILITY  MAIVTtAANCL 

Ihe  TFSO  facilities  were  maintained  in  accordance  with  sound  industrial 
practices  throughout  the  report  period.  This  work  incluJcd  pest  externination, 
fire  extinguisher  inspection,  work  area  cleaning,  and  lubrication  and  cleaning 
of  the  heating  and  air  conditioning  equipoent. 
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2.9  fciAiltlK 


Lightning,  observed  in  the  array  area  on  4  days  during  this  quarter,  caused 
no  imwn  damage  to  TlliO  instrumentation.  Ihe  six  lightning-caused  failures 
noted  in  section  2.10  arc  believed  to  have  resulted  from  earlier  lightning 
stores.  However,  heavy  precipitation  adversely  affected  field  Instrument 
performance.  Rain  or  snow,  failing  during  23  days,  Introduced  moisture  into 
many  field  circuits,  causing  them  to  become  noisy. 


2.10  sriKAL-rouK  lauus 

Ihorc  were  7o  spiral-4  cable  asscebly  failures  during  October,  Novelet  ,  and 
Deceeber  1971.  four  were  caused  by  vandalism,  19  by  cable  deterioration, 

13  by  moisture.  25  by  roaJ  graders,  o  by  lightning,  1  by  gnawing  animals, 
and  17  by  pulpwood  cutters.  Ihcsc  were  repaired  by  replacing  43  quarter-mile 
sections  of  cable,  making  21  splices,  rebuilding  o  splice  boxes,  and  cleaning 
t>  hocks. 

iwo  miles  of  cable  to  the  Z 22  site  were  found  damaged  in  numerous  places 
by  heavy  equipment  used  by  contractors  cutting  pulpwood  for  Southwest  Forest 
Industries.  \s  this  was  the  second  time  that  TFSO  cable  was  damaged  by  these 
pulpwood  cutters,  a  formal  complaint  was  registered  with  Southwest  Forest 
Industries. 

Cables  to  ten  other  short-period  array  sites  were  also  damaged  by  heavy  equip¬ 
ment,  some  in  numerous  places  within  a  quartcr-.oilc  section.  All  this  damage 
was  found  near  roads  and  jeep  trails  recently  repaired  and  upgraded  by  the 
Tonto  Forest  National  Lnginccr  Service.  Meetings  were  held  with  representa¬ 
tives  of  this  organization  to  discuss  the  problem  and  to  make  plans  for  the 
coordination  of  activities  to  minimize  or  prevent  further  cable  dosage. 


2.11  KL LOCATION  OF  LP6 

engineering  Change  Proposal  No.  1,  which  describes  the  work  required  to 
relocate  field  site  LPO  and  indicates  the  need  for  this  change,  was  sub¬ 
mitted  on  22  October.  On  27  December  1971,  we  received  a  request  from  AS1) 
to  submit  a  proposal  breaking  down  the  costs  in  greater  detail  than  in  the 
original  engineering  change  proposal.  Our  response  is  being  prepared  and 
will  be  submitted  as  requested. 

In  response  to  the  17  November  letter  from  the  Phoenix  office  of  the  United 
States  Forest  Service  to  the  Project  Office,  we  are  submitting  a  new  set  of 
plans  for  the  700  feet  of  road  into  the  proposed  relocation  site. 
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5,1  LUWh.Kl01>  IRIAVIAL  SYSTUi 

Kcvorumg  of  data  from  the  long-period  triatlal  tytten  was  ttofpul  m 
14  October,  and  po-wer  to  instrumentation  In  that  tftica  ditcomnewted. 


5.2  SlUKf-PLKlOO  PlVi-l.LDa.vr  SIAHON 

Recording  of  data  from  the  short-period  five-element  station  vas  stopped 
on  14  October,  and  the  raJto  tclraitnr  and  other  Renote  Operating  lability 
(HOP)  equipment  was  removed  from  the  field.  All  five  borehole  seisnoamcrs, 
their  renote  terminal  units,  and  Interconnect  Inc  cables  were  left  as  originally 
installed. 


5.5  DIGITAL  GAIN-RANGING  DATA  VlQUISltlUN  SYS  II. M 

The  digital  gain-ranging  data  acquisition  system  was  operated  continuously 
except  for  record  change  and  routine  maintenance  during  October,  November, 
and  December.  On  lb  December,  the  start-up  procedure  was  modified  to  improve 
transport  starting  reliability  and  to  eliminate  the  generation  of  a  word 
length  error  flag  during  start-up. 


5.4  ASTRODATA  SL1SMIC  DATA  VCQUISITION  SYSTLM 

Tlte  Astrodata  seismic  data  acquisition  systen  was  operated  routincl)  through¬ 
out  the  report  period.  Maintenance  to  the  systen  included  routine  cleaning, 
tape  head  realignment,  drag  brake  repairs,  and  the  replacement  of  brake  pins, 
a  vacuum  motor,  a  fuse,  and  a  read  card. 


3.5  MULT1UIANNLL  PILTLK 

flic  multichannel  filter  OK.P)  was  not  used  from  17  August  to  17  Novctf»cr 
because  many  of  the  short -period  array  channels  that  furnish  data  to  the 
MCP  were  noisy  or  completely  Inoperative.  Since  17  Novcabcr,  dam  from  LI 
through  III)  have  been  processed  and  rccorued  using  the  following  format. 
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lie  *M  *4*  put  Into  operation  without  its  RM  filter,  which  vat  found 
defective  anJ  «j»  returned  to  its  manufacturer  for  repair*. 


s.o  tat  win  fuu  uiitt.u  supply  sysiim 

llu*  gravity  feed  chemical  supply  ijriuw  mol  in  the  long  period  Oevelocorder* 
operated  without  failure,  but  those  used  to  supply  the  fi»lit{  »olutlon  to  the 
short-period  is?  vclo*.  order*  failed  with  incrca>ln(  frequency  at  the  average 
outdoor  temperature  dropped,  Micnpu  to  solve  this  problem  by  cleaning 
the  p,mca.  replacing  w  out  to  I  valve*,  and  heating  the  control  valve,  have 
r.ot  been  toeeciiful  In  restoring  rv liable  operation.  It  I*  planned  to 
rein»tall  peristaltic  pumps  In  all  but  I  or  7  of  the  short-period  Develocordcrt 
until  this  problem  can  be  solved.  Good  film  quality  -a*  maintained  during 
this  report  period  by  manually  fixing  and  trashing  film  from  UcvelocorOrr* 
•those  chenical  supply  system  failed  during  unmanned,  nighttime  ope  rat  lion. 

3.7  L\I!\1»M»  US\b-FUtlUI’  $U$'*XAW*1t 

the  extended  long  period  seismograph*  ItU*,  was  operated  at  a  rugni f station 
of  HOL  throughout  the  report  period. 


3.s  sisstr-rmiou.  37-iLL’aYr  array 

Retarding  of  short  *pcrlod  at  ray  chanrcls  171  through  -3?  was  discontinued 
on  IS  Octo  cr  because  only  one  of  these  channels  was  operative. 
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3. >  LO^-PMIlOO  \KKAT 

I  he  .'birr  tclcfhune  ctr/cuit  to  tltc  LP2  site  was  chanced  to  a  4-wire  circuit 
by  Haunts in  boll.  The  new  circuit,  installed  at  no  charge,  will  permit 
transit!** low  of  both  data  and  calibration  data  via  telephone  circuits.  Before 
the  OuRfe.  calibrations  were  transnitted  to  LPT  via  the  Z22  calibration 
cable,  which  i»  not  presently  in  service. 


3.10  vfdAKU  AUlUWI  AH 

Utt  II  Oeccnber  a  prelminary  plan  for  the  evaluation  of  the  Blocl  and 
Uoore  quarts  accel  runetcr  was  sdbnitted  to  the  Project  Office.  A  suggested 
tine  schedule  and  budgetary  information  were  included  In  the  plan. 


4.  Phmibt  OtSUtV  ATOPY  FACILITIkS  AND 
.VSSISTAAU  TO  OIIII.lt  ORGAN*  I  LIT  I  IKS 


4. }  ASSISTANT.  mot  lutu 

Isctit  Information  was  furnished  to  'tr.  k.  Person.  Oceanic  Survey,  and  to 
Hr,  John  Hendricks,  Astrogeological  center,  flagstaff,  Arlsona. 


4.2  YlSHUei 

Hr.  id  iariiuti,  of  the  United  States  forest  Service,  and  'lessrs.  hi  Ilian 
Saucl  and  Robert  I,  iundin,  student  geologists  fro*  the  Arizona  State 
University,  visited  1TS0  on  23  Hecet#  tr  and  were  conducted  on  a  tour  of  the 
facilities. 
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2  7  JAN  1971 

STATEMENT  0?  WORK  TO  BE  DONE 
(AFTAC  Project  Authorization  No.  VELA  T/2704/B/ASD) 

1.  Objectives.  The  Tonto  Forest  Seismological  Observatory  (TFSO)  is 
unique  in  its  low  level  of  background  seismic  noise  and  in.  its  capa¬ 
bility  as  a  research  center,  being  equipped  with  various  film,  paper 
and  analog  and  digital  recorders;,  a  shake  table,  a  large  walk-in  vault 
for  instrument  evaluation,  and  assorted  test  and  measurement  equipment. 

The  purpose  of  this  project  is  to  operate  this  observatory  as  a  source  of 
high-quality  seismological  data  for  use  in  Government-sponsored  research 
projects,  to  use  the  TFSO  -as  a  field  test  site  for  evaluation  of  new 
seismological  instrumentation  and  procedures,  and  to  support  other 
research  projects  as  identified  by  the  project  officer.  This  project 
should  require  a  manning  level  of  approximately  five  man-years. 

2.  Tasks. 

a.  Operation. 

(.)  Continue  operating  the  TFSO  according  to  established 
procedures  (Standard  Operating  Procedures  for  TFSO,  1  Nov  1970),  providing 
recorded  data  to  the  Government.  Special  data  requirements  anticipated 
will  include,  but  not  be  limited  to,  recording  signals  from  special  events 
at  the.  Nevada  Test  Site  and  supplying  beam-formed  or  multichannel  filtered 
data  for  use  in  evaluation  of  the  effectiveness  of  the  ARPA  long-period 
arrays:  Montana  Large  Aperture  Seismic  Array,  Alaskan  Long-Period  Array, 
and  Norwegian  Seismic  Array. 

(2)  Quality  control  the  data  acquisition  systems  and  evaluate 
the  seismic  data  recorded  to  determine  optimum  operating  characteristics 
and  perform  research  to  improve  operating  parameters  to  provide  the  most 
effective  observatory  practicable.  Major  reconfigurations  in  equipment, 
those  requiring  more  than  48  hours  to  remove,  are  subject  to  prior 
approval  by  the  project  officer. 

(3)  Provide  use  of  observatory  facilities  and  seismological  data 
to  requesting  organizations  and  individuals  as  identified  by  the  project 
officer. 


(4)  Maintain,  repair,  protect,  and  preserve  the  facilities  of 
TFSO  in  good  physical  condition  in  accordance  with  sound  industrial 
practice, 

b.  Instrument  Evaluation. 

(1)  Evaluate  the  performance  characteristics  of  experimental 
equipment  identified  by  the  project  officer.  This  work  involves 
ir.  .stigation  of  such  components  as  seismometers  and  amplifiers, 
combinations  of  components  such  as  are  involved  in  lightning  protection 
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improvement,  and  altered  modes  of  operation  .such  as  radio  transmission 
of  data.  These  necessary  investigations  will  be  initiated  only  after 
advances  in  the  state-of-the-art  identify  problems  needing  work.  At 
present,  the  following  areas  for  possible  investigation  are: 

(a)  Long-term  field  testing  of  a  new  version  of  the 
Geotech  23900  long-period  seismometer  incorporating  an  internal  feed¬ 
back  system. 


(b)  Test  and  evaluation  of  a  horizontal  short-period 
array  according  to  existing  general  operating  procedures  contained  in 
Standard  Operating  Procedures  for  TFSO,  1  Nov  1970. 

(c)  Evaluation  of  an  intermediate-frequency  range  system 
to  be  provided  by  the  Government  f  recording  of  reflected  body  phases. 

(d)  Evaluation  of  special  on-li&e  signal  detection 

algorithms. 

(2)  Maintain  the  equipment  necessary  to  perform  the  above 
mentioned  evaluations,  including  the  shake  table,  signal  conditioning 
and  recording  equipment,  test  and  calibration  instrumentation,  and  film 
viewers. 


c.  Upon  identification  and  prior  to  the  disposition -of  any  equip¬ 
ment  determined  to  be  excess  to  the  needs  of  the  project,  the  contractor 
shall  notify  the  project  officer. 
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